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© Method of fabricating oxtde superconducting film. 



© A laser beam (2) is applied to a target (1) of an 
oxide superconductive material, to deposit atoms 
and/or molecules which are scattered from the target 
(1) on a first portion (4) of a substrate (3) under an 
atmosphere containing oxygen for a start. Then, the 
substrate (3) is moved to deposit atoms and/or mol- 
ecules scattered from the target (10) on a second 



portion, which is different form the first portion (4) of 
the substrate (3), under the atmosphere containing 
oxygen. At this time, the first portion (4) is subjected 
to oxygen annealing. These deposition steps are 
repeated until an oxide superconducting film of a 
desired-thickness is obtained. 
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Method of Fabricating Oxide Superconducting Film 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a method of 
fabricating an oxide superconducting film, and 
more particularly, it relates to a method of fabricat- 
ing an oxide superconducting film using laser abla- 
tion or laser deposition. 



Description of the Background Art 

With recent development of laser units, there 
has been proposed a laser deposition technique of 
applying a laser beam to a target for vaporizing or 
sputtering the target material and forming a film on 
a substrate (refer to "Saisentan Laser Kako 
Gijutsu" edited by Hiromichi Kawasumi, CMC 
Shuppan, for example). 

Such a laser deposition technique has the fol- 
lowing features: 

(1) The film is generally formed at a high 

speed. 

(2) The composition can be easily controlled. 
In particular, laser ablation with an excimer 

pulse laser beam, which has high energy density of 
at least 0.5 to 1 J/ cm 2 , is highlighted as means for 
forming an oxide superconducting thin film of Y-Ba- 
Cu-O, Bi-Sr-Ca-Cu-0 or the like, due to its capabil- 
ity of temperature reduction through photochemical 
reaction (refer to Appl. Phys. Lett. 53, 517 (1988) 
by C. C. Chang et al., for example). 

It has been proved that the speed of film 
formation by laser ablation is proportionate to the 
frequency of a laser beam as used. If the fre- 
quency of a laser beam for forming an oxide super- 
conducting film of Y-Ba-Cu-O, Bi-Sr-Ca-Cu-0 or 
the like is simply increased, however, it is difficult 
to incorporate oxygen, which must be contained in 
such an oxide superconducting film, since the 
speed of film formation is too high. When an oxide 
superconductor contains insufficient oxygen, its 
critical temperature T c is reduced. Thus, it is in- 
expedient to increase the frequency of the laser 
beam in order to simply improve the speed of film 
formation. 

In more concrete terms, it is possible to form a 
Y-Ba-Cu-0 film of about 1 to 2 A in thickness every 
pulse by laser ablation with an ArF gas laser, for 
example. Thus, a film of 18000 A to 36000 A In 
thickness can be formed per hour with a laser 
beam of 5 Hz, for example. However, if a film is 
formed with a laser beam of 10 Hz, for example, 



sufficient oxygen cannot be incorporated into the 
as-formed oxide superconducting film since the 
speed of film formation is too high, although the 
amount of film formation is theoretically doubled 
5 per unit time. 



SUMMARY OF THE INVENTION 

io Accordingly, an object of the present invention 

is to provide a method of fabricating an oxide 
superconducting film, which can incorporate suffi- 
cient oxygen even under a high speed of film 
formation. 

75 In order to solve the aforementioned technical 

problem, the inventive method of fabricating an 
oxide superconducting film comprise: 

a. a first deposition step of applying a laser 
beam to a target of an oxide superconductive ma- 

20 terial for depositing atoms and/or molecules scat- 
tered from the target on a first portion of a sub- 
strate under an atmosphere containing oxygen; and 

b. a second deposition step of moving the 
substrate for depositing atoms and/or molecules 

25 scattered from the target on a second portion, 
which is different from the first portion of the sub- 
strate, under the atmosphere containing oxygen, 
and 

c. the first and second deposition steps are 
30 repeated. 

Referring to Fig.2, in more concrete terms, 
when a laser beam 2 is applied to a target 1, film 
formation is performed on a first portion 4 of a 
substrate 3, which is opposed to the target 1 . Such 

35 film formation is carried out under an atmosphere 
containing oxygen. The substrate 3 is movable 
along arrows 5, 6, 7 and 8. Therefore, when the 
substrate 3 is moved any direction, subsequent 
film formation Is performed on a second portion 

40 which is different form the first portion 4 of the 
substrate 3. At this time, oxygen annealing is car- 
ried out on the first portion 4, which has been 
subjected to the film formation, of the substrate 3 
under the atmosphere containing oxygen, so that 

45 sufficient oxygen can be incorporated into the as- 
formed oxide superconducting film. Such deposi- 
tion and oxygen annealing are alternately repeated 
until an oxide superconducting film having a de- 
sired thickness is obtained. 

so According to the present invention, the fre- 
quency of the laser beam is preferably selected to 
be at least 10 Hz. 

Heretofore, the frequency of a laser beam has 
been generally reduced below 10 Hz, in order to 
form an oxide superconducting film of Y-Ba-Cu-0 



3 EP 0 398 

or Bi-Sr-Ca-Cu-0 through laser ablation. In general, 
however, the frequency of such a laser beam can 
be raised up to 60 Hz to 100 Hz, and it is desirable 
to increase the laser beam frequency in order to 
sufficiently effectuate the ability of the laser unit 5 
and to increase the amount of film formation per 
unit time. 

According to the present invention, the sub- 
strate is moved after a portion thereof is subjected 
to film formation of 50 A, for example, to newly w 
perform film formation on another portion, while the 
portion previously subjected to film formation is 
oxygen-annealed to enable incorporation of suffi- 
cient oxygen. Thus, it is possibe to use a laser 
beam having a frequency of at least 10 Hz, for is 
example, thereby sufficiently effectuating the ability 
of the laser unit. 

According to the present invention, therefore, it 
is possible to form an oxide superconducting film 
at a high speed using a high-frequency laser beam, 20 
without damaging superconducting properties. 
Thus, the present invention is particularly advanta- 
geously employed for the field of a magnetic 
shield, a superconducting wire rod or the like, 
which requires formation of a large amount of 25 
superconducting films. 

These and other objects, features, aspects and 
advantages of the present invention will become 
more apparent from the following detailed descrip- 
tion of the present invention when taken in conjunc- 30 
tion with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Fig. 1 is a perspective view illustrating the 
principle of the inventive method of fabricating an 
oxide superconducting film; 

Fig. 2 illustrates relation between laser beam 
frequency and film weight; *o 

Fig. 3 illustrates relation between laser beam 
frequency and critical temperature T c ; and 

Fig. 4 is an plan view illustrating an exem- 
plary mode of movement of film forming regions 
achieved by moving a substrate in Example of the 45 
present invention, 

DESCRIPTION OF THE PREFERRED EMBOD- 
IMENTS 

50 

Before describing Example of the present in- 
vention, the following reference example is pre- 
sented: 



Reference Example 

A target of Y1 Ba2Cu30 6 .o was used to perform 
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laser deposition with an ArF gas laser under an 
atmosphere having oxygen pressure of 200 mTorr. 
An MgO substrate was employed with a target-to- 
substrate distance of 40 mm and a substrate tem- 
perature of 700* C. The frequency of a laser beam 
having energy density of 1 J/pulse was varied 
within a range of 1 Hz to 50 Hz, to carry out one- 
hour film formation at some frequency levels within 
this range. Figs. 2 and 3 show values of film weight 
and critical temperature T c thus obtained. 

The film weight is increased with the frequency 
level as understood from Fig. 2, while the critical 
temperature T c of the as-formed superconducting 
film falls below 77 K at frequency levels exceeding 
10 Hz as shown in fig. 3, to result in no supercon- 
duction of the film in liquid nitrogen. 

Example of the present invention is now de- 
scribed. 



Example 

Example of the present invention was prepared 
with a target material, a laser, an atmosphere con- 
taining oxygen, a substrate material, a substrate 
temperature and a target-to-substrare distance 
which were similar to those of the aforementioned 
reference example. As shown in Fig.4, the size of 
the substrate was 60 mm x 40 mm, and film 
forming regions were moved every second as ®-* 
®-+©-+®^©^®^®.>. Energy density of the 
laser beam was 1 J/pulse similarly to the reference 
example, while its frequency was 40 Hz. 

The film weight measured after one-hour film 
formation was 52 mg, and critical temperature T c 
was 90 K. 

Comparing Example with the reference exam- 
ple, it is understood that the critical temperature of 
the reference example fell below 4.2 K at the laser 
beam frequency of 40 Hz to exhibit no supercon- 
duction in liquid nitrogen, although its film weight 
was substantially identical to that of Example. Ac- 
cording to Example, on the other hand, it is possi- 
ble to attain a high critical temperature T c since 
sufficient oxygen can be simultaneously incorpo- 
rated into remaining portions when film formation is 
performed on a certain portion. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation, the scope of the present invention being 
limited only by the terms of the appended claims. 



Claims 

1 . A method of fabricating an oxide supercon- 
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ducting film comprising; 

a first deposition step of applying a laser beam to a 
target of an oxide superconductive material for 
depositing a atoms and/or molecules scattered 
from said target on a first portion of a substrate 5 
under atmosphere containing oxygen; and 
a second deposition step of moving said substrate 
for depositing atoms and/or molecules scattered 
from said target on a second portion, being dif- 
ferent form said first portion of said substrate, 10 
under said atmosphere containing oxygen, 
said first and second deposition steps being al- 
ternately repeated. 

2. A method of fabricating an oxide supercon- 
ducting film in accordance with claim 1, wherein 75 
the frequency of said laser beam is at least 10 Hz. 



20 



25 



30 



35 



40 



45 



50 



55 



EP 0 398 164 A2 



fig. ; 5 e 




40mm 



EP 0 398 164 A2 




10 20 30 40 50 
FREQUENCY (Hz) 



F IG. 3 ioo r 




10 20 30 40 50 



FREQUENCY (Hz) 



